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Abstract
The aim of this research was to develop gummy jelly candy supplemented with the crude extract of Psidium 
guajava Linn. leaf. Effect of drying temperature (50, 60 and 70°C) on the total antioxidant activity (TAA) of 
the obtained crude extracts was investigated using the DPPH method at various pH conditions (4.0, 6.5 and 
8.5). Results showed that the crude extract obtained from the drying temperature of 50°C and testing condition 
at pH 4.0 had the highest TAA value. However, there was interaction between drying temperature and pH 
conditions, thus the treatment at 50°C, pH 6.5 and 70°C, pH 4.0 was not significant different.The relationships 
between temperature and pH on TAA were explained using the multiple regression (R2=0.987). The crude 
extracts caused changes in texture properties of gummy jelly indicated by decreases in gumminess and chewiness 
of the products. Result was consistent with the results obtained from sensory evaluation (9-points hedonic scale) 
that sensory texture (springiness and toughness) and color scores decreased. This study suggested that 
the extraction of Psidium guajava Linn. leaf has the potential to be used as antioxidant supplements and it can 
be used in gummy jelly products.
Keywords: Crude extract, Gummy jelly, Psidium guajava
1 Introduction
Customer attitudes and behaviors have moved towards 
health foods because they have more concerns on 
increasing environmental stresses such as pollution and 
toxic substances in the environment. Environmental 
pollutants and lifestyle factors induce oxidative stress 
leading to many long term health complications in 
human such as diabetes, cancer and cardiovascular 
disease. Formation of free radicals in the bloodstream 
may lead to the formation of oxidized low-density 
lipoprotein (oxidized LDL), which is one of the critical 
factors in atherogenesis [1,2]. To inactivate free 
radicals, a variety of antioxidants such as vitamin C, 
vitamin E, selenium, beta-carotene, vitamin A, and 
plant polyphenolic compounds have been identified 
as antioxidant supplements that can be obtained from 
the consumption of fruits and vegetables. Moreover, 
it was noted that many polyphenolic compounds in 
herbal extracts exhibited high antioxidant activities 
[3]. A variety of antioxidant mechanisms of plant 
polyphenolic compounds have been reported [4]. 
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Estimating antioxidant activities of plant polyphenolics 
could be performed using various types of stable 
free radicals such as DPPH radical (DPPH•, 2, 
2-diphenyl-2-picrylhydrazyl radical) and ABTS radial 
cation (ABTS•+, 2, 2-azinobis (3-ethylbenzothiozline-
6-sulphonate). Gordon (2001) suggested that among 
many antioxidant assays conducted in polar solvents 
e.g. methanol, DPPH radical scavenging assay has 
been frequently used due to simplicity of the method 
and stability of DPPH radicals [5,6]. A decrease 
in DPPH radicals is indicated by the decreased 
absorbance at 515 nm [7], since the DPPH radical is 
reduced by antioxidants to DPPH-H, which is a non-
radical product. So, color of the reaction is changed 
from purple to yellow [7,8]. Because of different 
preferences of customers for herbs, fruits and vegetables, 
their daily intake of antioxidants may vary considerably. 
Psidium guajava Linn. from Ban Dong Bang Herbal 
Community, Prachinburi province is one of the most 
popular herbal. The bioactive compounds in Psidium 
guajava Linn. are phenols, flavones, saponins glycosides, 
alkaloids, steroidal glycosides etc [9] which can be 
act as the natural antioxidant by inactivating lipid 
free radical [3]. Thus, the idea of adding natural plant 
extracts into a candy product have been developed. 
Gummy jelly candies, represent approximately 50% 
of candy market value [10], are made with a base 
of gelatin. Customers prefer gummy jelly candies 
due to their unique texture and chewability. In this 
research, ethanolic extracts of Psidium guajava leaf 
have been added into gummy jelly candies. Effects of 
processing parameters (drying temperature and pH) on 
antioxidant, texture and sensory properties of the 
products treated with the extracts were investigated.
2 Materials and Methods
2.1  Sample preparation
Fresh samples of Psidium guajava leaves were obtained 
locally from Ban Dong Bang Herbal Community, 
Prachinburi province, Thailand. The leaves were washed 
with clear water before being cut into smaller pieces.
2.2  Effect of drying temperatures and pH conditions 
on antioxidant activity
The leaves were dried in a tray dryer using varying 
temperatures of 50, 60, and 70 (±1)°C. for 10-12 hours 
until the water activity value, aw was lower than 0.6. 
The dried leaves were then packaged in a polypropylene 
(PP) bags until further analysis. For the study on pH 
conditions, the extract solutions were adjusted the pH 
values to 4.0, 6.5 and 8.5 (±0.1) by 0.1N HCl and 0.5N 
NaoH. Then, the extract solutions were determined for 
DPPH radical scavenging activity.
2.3  Extraction procedure
Five grams of dried leaves were soaked in 100 ml of 
80% ethanol (v/v). The mixture was shaken at 80 rpm 
for 12 hours at room temperature. The leaf residues 
were removed using filtration with Whatman No.4 
filter paper. The residues were washed three times and 
the volume of the mixture was adjusted to 250 ml with 
80% ethanol [11,12]. 
2.4  DPPH radical scavenging assay
Antioxidant activity of the extracts was determined 
using DPPH radical scavenging assay according to the 
method described by Brand-William et al. [6,7]. All 
leaf extracts were diluted to obtain a final concentration 
of 8g/l using methanol. Nine hundred fifty microliters 
of freshly prepared DPPH methanolic solution 
(the absorbance at 515 nm = 0.6-0.7) was mixed with 
50 µl of the extracts solution. The absorbance at 515 nm 
was recorded at 0 and 15 min. A calibration curve 
of ascorbic acid was used (y = 0.0148+0.0867, R2 = 
0.922). The antioxidant activity of the extract was 
expressed as micromoles per milliliter of extract 
solution. For evaluation of antioxidant activity of 
gummy jelly product, antioxidant activity was 
expressed in terms of total antioxidant activity (DPPH 
method). Three grams of jelly sample was prepared 
in 30 ml of warm water:ethanol (9:1 v/v) and heat 
for 50°C for 2 min according the method described 
by Herrera et. al, with some modification [13,14]. 
Evaluated the radical scavenging (DPPH method) and 
reported as µmole/ml of jelly solution.
2.5  Gummy jelly candy preparation
Gummy jelly was prepared using a standard gummy 
jelly candy formulation described by Garcia (2000) 
with some modification [10]. The dried leaf sample at 
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50°C was extracted according to previously described 
method. The extract solution was further concentrated 
using a vacuum evaporator (55°C and 200 mbar for 
15 min). The total soluble solid of crude extract was 
21.3±1.7 after removed ethanol. The composition of 
gummy jelly was shown in Table 1. Different levels of 
the concentrated crude extract were additionally mixed 
into the standard gummy jelly recipe (additional levels 
at 10.0, 13.3 and 16.7 ml into the 100 gram recipe of 
the gummy jelly candy).
For the cooking procedure, glucose syrup, 
sugar and water were mixed and heated in a brass pan. 
Gelatin solution was prepared by dissolving the gelatin 
with warm water (70°C). Then, the gelatin solution 
was added into the previously prepared glucose syrup 
solution and kept mixing to prevent the mixture from 
burning. When the temperature of the mixture was 
raised to 116°C, citric acid was added and mixed. The 
brix value of the mixture was adjusted to 68-75% by 
adding a portion of water. Before adding the different 
levels of the crude extracts, the temperature of the 
mixture was then decreased to 63, 68 and 73°C to 
investigate influence of cooking temperatures on the 
final product. Some air bubbles were removed before 
the mixture was poured into a mold. The ethanol 
residue from the crude extracts was expected to be 
removed by evaporation during the process.
Table 1: The composition of gummy jelly candy with 
the addition of the crude extracts*
Composition Weight (g)
Gelatin 240 bloom 8.0
Water 24.5
Sugar 33.0
Glucose syrup 40DE 31.5
Citric acid solution 50% 3.0
Total 100.0
* The concentrated crude extracts of 10, 13.3 and 16.7 ml were 
additionally added into the main composition.
2.6  Texture analysis and color measurement
Texture properties of gummy jelly were evaluated 
using texture analyzer (TA-TX plus model). The 
experiments conducted with texture profile analysis 
(TPA) mode using a 0.5p/SW probe and test speed 
at 1 mm/s. Cohesiveness, Springiness, gumminess 
and chewiness of the products were reported. Color 
characteristics of products were determined using 
a Hunter Lab colorflex 4510, (AEKCHAI, USA). 
The color was evaluated by means of CIE Lab color 
components (L*; lightness, a*; redness and b*; 
yellowness).
2.7  Total titratable acidity (TA) and total solid content
Total titratable acidity of gummy jelly products was 
determined as described by Woo [15]. Citric acid was 
used as a standard compound.  Total solid content of 
gummy jelly products was determined as the method 
described by Garcia [10].
2.8  Sensory evaluation
Sensory evaluation of the products was performed 
using 50 untrained panels using a preference test with 
9-point hedonic scale (1=dislike extremely, 9= like 
extremely) to determine color, springiness, toughness 
and overall liking of products.
2.9  Statistical analysis
This research was conducted using 3 × 3 factorial 
design in completely randomized design (CRD). 
All experiments were performed in triplicate. 
Comparisons of the means were performed using 
Duncan’s multiple range tests by SPSS version 18.0. 
Multiple regression was used to explain the effects of 
drying temperature and pH conditions on antioxidant 
activity. The mathematical model was used as the 
following equation (1).
Yi = β0 + β1x1 + β2x2 + β3x1 x2+ β4x12+ β5x22 (1) 
Where Yi represents total antioxidant activity; X1 
represents drying temperature and X2 represents pH 
conditions.
3 Results and Discussion 
3.1  Effects of drying temperature and pH on 
antioxidant activity
Antioxidant activity of Psidium guajava extracts may 
be influenced by drying temperatures and acidic-basic 
testing conditions of the extracts. As illustrated in 
Table 2, results showed that the crude extract 
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obtained from the drying temperature of  50°C exhibited 
higher total antioxidant activity than the crude extracts 
obtained from drying at 60 and 70°C. Increases in 
pH value of the extracts resulted in decreases in total 
antioxidant activity in all drying treatments. The 
extract exhibited the highest antioxidant activity at 
pH 4.0 compared to other pH conditions (6.5 and 
8.5) [16,17]. Overall, drying the leaves at 50°C was 
the optimal drying condition for further experiments 
on effect of the crude extract on physicochemical 
properties of gummy jelly products. 
Table 2: Total antioxidant activity of Psidium guajava 
extract solutions
pH
TAA (μmole/ml of extract solution)
50°C 60°C 70°C 
4.0 94.44 ± 0.51a 78.71 ± 0.65e 92.90 ± 0.36a
6.5 92.94 ± 0.98a 78.49 ± 0.36e 89.71 ± 0.40b
8.5 86.33 ± 1.91c 71.73 ± 1.21f 84.53 ± 0.86d
Means (±SD) with different superscript letters (a-f) indicate significant 
differences (P < 0.05).
Multiple regression analysis was performed 
to create a mathematical model to predict the 
relationship between drying temperature and pH on 
the total antioxidant activity. The model was shown 
as the following equation (2).
Y = 561.70 – 16.51X1 – 4.66X2 + 0.003X1X2 + 0.14X12 – 
0.57X22 (2)
R2 = 0.985
Where Y represents total antioxidant activity, 
β represents regression coefficient, X1 represents 
drying temperature and X2 represents pH value.
For the equation, the R squared value suggests 
that model explains approximately 98.5% for total 
variance. Total antioxidant activity showed negative 
relationships with increases in drying temperature (X1) 
and pH values (X2).
It was suggested that H-atom transfer (HAT) and 
sequential proton –loss-electron-transfer (SPLET) 
are the two main antioxidant mechanisms playing 
important roles in polar media such as methanol 
[18,19]. In addition, it was reported that the ability 
of antioxidants to donate an electron and/or H-atoms 
was strongly influenced by types of solvents and 
pH conditions [20,21]. Under polar protic solvents 
e.g. methanol, it was proposed that obtained DPPH 
scavenging activity data may be overestimated due to rate 
constants of dissociated forms of phenolic antioxidant 
towards DPPH• with SPLET are very fast [22]. Under 
different pH conditions, antioxidants can undergo 
partial ionization in ionizing solvents. Mukai and 
coworkers [21] reported that rate constants of the 
reaction of flavonoids and vitamin C towards a radical 
were pH-dependent reaction [21]. They suggested that 
the rate constants increase with increasing pH values.
In contrast to our results, the crude extract of 
Psidium guajava leaves exhibited higher antioxidant 
activity at acidic condition (pH 4.0) than alkaline 
condition (pH 8.5). However, results suggested that 
overall antioxidant activity may be independent with 
rate constants of antioxidants in the reaction. Adjusting 
pH of the crude extract to alkaline condition prior to 
react with DPPH• may cause instability of antioxidants 
before the test. 
3.2  Effects of  processing parameters on physicochemical 
properties of gummy jelly candy
During the preparation of gummy jelly candies, 
processing temperatures of the product mixtures were 
varied at 63, 68 and 73°C, and the different levels 
of the crude extracts were added into the gummy 
jelly candies. Some physicochemical properties of 
the gummy jelly candies were determined as shown 
in Table 3 and 4.
As illustrated in Table 3, the addition of the crude 
extract into the gummy jelly candy have a tendency 
to increase total solid content, total acidity and total 
antioxidant activity (% radical scavenging activity), 
but there were no impacts on the water activity of 
the products. Adding the extract beyond 13.3 ml, 
no significant differences in total solid content, total 
acidity and the antioxidant activity were observed 
(P > 0.05). Moreover, increasing process temperatures 
showed no significant effects on these parameters. 
However, texture properties and color characteristics 
of the gummy jelly candy were strongly influenced by 
process temperatures and the levels of the extract as 
shown in Table 4. Adding the crude extract decreased 
gumminess and chewiness of the product, but had no 
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effects on their cohesiveness and springiness. Increasing 
the process temperatures from 63 to 73°C had no 
significant impacts on texture properties (P > 0.05). 
It was suggested that acid hydrolysis of gelatin 
contributed to decrease the gel strength of gelatin [13]. 
In this research, the crude extract could increase total 
acidity of the gummy jelly candy. It could explain 
decreases in gumminess and chewiness of the product.
Increasing the levels of the crude extract showed 
a tendency to decrease lightness (L*) and yellowness 
(b*). However, the results were not statistically 
significant (P > 0.05). Except for redness (a*), 
adding the crude extract at the highest level (16.7 ml) 
decreased a* value significantly (P < 0.05), indicating 
the direct effect of the crude extract color on the 
gummy jelly candy.
Table 3: Physicochemical properties of gummy jelly candy influenced by process temperatures and the extract 
levels
Treatments
Process conditions Physicochemical properties
Temperature 
(°C)
Crude extract 
(ml/100g 
gummy candy)
Total soluble solid 
(%)
Total acidity (g of citric 
acid/100g sample)
TAA (μmole/ml of 
extract solution) aw
ns
1 63 10.0 64.0±2.8b 2.78±0.1b 86.14±2.6a 0.79±0.01
2 63 13.3 73.9±4.2a 3.50±0.1a 91.85±1.2b 0.77±0.01
3 63 16.7 75.0±3.5a 3.59±0.1a 91.20±3.1b 0.79±0.02
4 68 10.0 62.0±3.5b 2.85±0.1b 84.10±1.7a 0.77±0.04
5 68 13.3 74.0±4.5a 3.59±0.1a 90.93±1.3b 0.75±0.03
6 68 16.7 74.0±1.3a 3.59±0.0a 90.47±2.1b 0.79±0.03
7 73 10.0 68.0±1.0ab 3.06±0.0ab 86.39±2.4a 0.77±0.03
8 73 13.3 74.0±1.9a 3.57±0.2a 89.50±3.1ab 0.76±0.03
9 73 16.7 74.0±1.1a 3.60±0.1a 91.81±2.2b 0.77±0.03
Means (±SD) with different superscript letters in the same column (a-b) indicate significant differences (P < 0.05). The superscript “ns” 
indicates no significant differences among the means in the same column. 
Table 4: Physical properties of gummy jelly cadies treated with different process temperatures and levels of 
the crude extract
Treatments
Physical properties
Gumminess 
(N)
Chewiness 
(Nmm)
Cohesiveness ns
Springiness 
(mm)ns
awns L* a* b*ns
1 1,273±340b 1,226±341b 0.90±0.1a 0.97±0.0a 0.79±0.0 31.14±7.9b -0.07±0.6a 2.97±1.7
2 861±152a 864±151a 0.90±0.1a 0.97±0.0a 0.77±0.0 28.78±8.0ab -0.26±0.3a 2.91±1.3
3 773±108a 779±141a 0.98±0.1b 0.97±0.0a 0.79±0.0 28.93±7.6ab -0.60±0.5b 2.63±2.1
4 1,168±325ab 1,670±332b 0.92±0.0a 0.96±0.0a 0.77±0.0 29.95±7.7ab -0.21±0.6ab 2.81±2.7
5 1,039±334a 1,007±322ab 0.94±0.0ab 0.97±0.0a 0.75±0.0 27.85±7.9ab -0.36±0.3ab 2.61±0.7
6 870±137a 1,043±305ab 0.94±0.0ab 0.98±0.0a 0.79±0.0 28.96±7.1ab -0.44±0.3ab 2.54±3.1
7 1,071±342ab 886±311a 0.94±0.0ab 0.96±0.0a 0.77±0.0 29.09±2.9ab -0.09±0.2a 2.73±1.5
8  923±310a 924±291ab 0.94±0.0ab 1.00±0.0b 0.76±0.0 28.65±4.7ab -0.10±0.4a 2.50±1.7
9  994±320a 701±208a 0.94±0.0ab 0.99±0.0a 0.77±0.0 26.18±6.17a -0.72±0.5b 2.51±1.8
Means (±SD) with different superscript letters in the same column (a-b) indicate significant differences (P < 0.05).The superscript “ns” 
indicates no significant differences among the means in the same column. 
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3.3  Sensory evaluation of gummy jelly candy
Sensory evaluations of gummy jelly candies treated 
with the different process temperatures and levels 
of the crude extract were performed on 4 different 
attributes such as springiness, toughness, color and 
overall liking using 9-point hedonic scale (Table 5). 
Results showed the tendency of adding more the crude 
extract could result in decreases in all the attributes. 
It was noted that using the crude extract at the lowest 
level in the gummy jelly candy was recommended. 
Among the test attributes, color attribute of the gummy 
jelly candy with the crude extract was received the 
average scores lower than 6.0, indicated that this aspect 
should be improved in the future study.
Table 5: Sensory analysis of gummy jelly candies 
treated with different process temperatures and levels 
of the crude extract
Treatments
Preference tests
Springiness Toughness Color Overall liking
1 6.5±1.8a 6.1±0.8a 5.9±1.2a 6.9±1.5a
2 6.8±1.2a 5.9±1.2ab 5.3±1.5a 5.5±1.8ab
3 5.3±1.5ab 4.9±0.9b 4.9±1.5c  5.9±1.3ab
4 6.5±1.5a 7.3±1.3a 6.3±1.3a 7.0±1.4a
5 6.4±1.5a 5.1±1.3ab 6.4±1.4a 6.1±1.7a
6 4.7±1.3b 4.6±1.3c 5.4±1.4ab 5.1±1.8b
7 6.0±1.0a 6.8±1.5a 4.5±1.3c 6.5±1.1a
8 6.4±1.6a 5.5±1.9ab 6.1±1.7a 6.0±1.5a
9 5.0±1.1a 5.3±1.0ab 5.0±1.1ab 4.5±1.3b
Means (±SD) with different superscript letters in the same column 
(a-b) indicate significant differences (P < 0.05)
4. Conclusions
To obtain the highest antioxidant activity of the crude 
extract, drying temperature of 50°C and pH 4.0-6.5 was 
recommended. Due to some limitations of the crude 
extract impacting on texture and color of the product, 
the crude extract was recommended to use at the lowest 
level (10 ml) in this research. 
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